ABSTRACT: Linseed (Linum usitatissimum L.) is the second most important oilseed crop in the highlands of Ethiopia where it has been cultivated for its valuable seed-oil since antiquity. Sixty accessions of linseed predominantly from Ethiopia were analysed using amplified fragment length polymorphism (AFLP) markers to assess their genetic diversity. Out of seven pairs of AFLP primers screened, Eco-ACA/ Mse-CAT and Eco-ACA/ Mse-CTT resulted in a greater number of amplification products. The estimated genetic distance for pairwise accessions significantly (P < 0.001) varied from 0.29 to 0.71, indicating the prevalence of genetic diversity in both exotic and local collections. Introductions from Canada and collections from different parts of Ethiopia, especially those from central and northwest regions revealed considerable variations between and within their geographic locations and thus can be used to create genetic variations. Cluster analysis categorized the 60 accessions into 13 classes, each consisting of one to 14 accessions. Two introduced accession were individually clustered, showing their greater divergence. AFLP analysis was found effective in discriminating the accessions and in selecting suitable parents for future genetic improvement. It was also useful for efficient management of genetic resources, eliminating unnecessary duplications.
INTRODUCTION
Linseed (Linum usitatissimum L.) is an important oilseed crop in the subtropics and temperate regions of the world (Luhs and Friedt, 1994) . The extracted oils of linseed are mostly used for paints, varnish and other industrial uses. Recently, its potential as a highly nutritive source, rich in linolenic acid and lignan, both imparting multiple health benefits was well recognized (Payne, 2000; Morris, 2004) . Linseed, after noug ( Guizotia abyssinica Cass) is the second most important oilseed crop in the highlands of Ethiopia (Adugna Wakjira, 2000) . In 2001, about 50, 000 tons were produced from 99,000 hectares ( CSA, 2001 ). Existing varieties of linseed in Ethiopia have been developed for a number of traits including high seed set, oil content, variation in maturity period, increased adaptability to different growing environments, enhanced resistance to pathogens, pests and other biotic and abiotic stresses (Adugna Wakjira and Labuschagne, 2002) . Breeding improved cultivars of linseed is generally based on selection from germplasm and crosses and selection is often based on the standard pedigree method ( Adugna Wakjira, 2000) . However, parental genotypes are often selected on the basis of phenotypic performance and this may not be sufficient to determine genetic constitution. This limits the likelihood of developing successful new varieties. Thus, DNA marker-assisted selection (MAS), which indicates the true genetic constitution, may help to overcome such problems.
Genetic diversity analysis of linseed germplasm can reveal the extent of genetic relatedness among accessions by estimating their genetic distance and is useful in the conservation of genetic resources. It is also important for cultivar identification and seed certification programs. Under the International Union for the Protection of New Varieties of Plants (UPOV, 1991), plant breeders' rights (PBR) are based on criteria of distinctiveness, uniformity and stability (DUS) of genotypes. In Ethiopia, linseed cultivars are currently distinguished from each other on the basis of a number of morphological characters ( Adugna Wakjira and Labuschagne, 2004) . However, expression of traits, such as days to flowering and maturity, plant height, number of branches and seed yield is s ignificantly influenced by the environment (Adugna Wakjira and Labuschagne, 2002; 2003a; 2003b ) and present problems for consistent identification. But molecular markers or DNA fingerprints are not affected by environmental factors, and provide a new means to support cultivar identification (Kumar, 1999) . Such markers are accepted as supplementary characters for identification in many countries (Roldan-Ruiz et al., 2001) , and are important for the assessment of DUS criteria and the establishment of PBR, which are essential in the derivation of new varieties and seed purity certification.
Amplified fragment length polymophism (AFLP), was initially developed by Zabeau and Vos (1993) and has proved an efficient polymerase chain reaction (PCR) based technique to generate a large number of polymorphic DNA fragments (Vos et al., 1995; Altaf Khan et al., 2002) . AFLP fingerprints are highly reproducible and have been used as a tool for evaluating genetic diversity (Majer et al., 1996; Guthridge et al., 2001) . AFLP markers are reproducible even against the background of different combinations of Taq DNA polymerases and buffers (Powell et al., 1996) . However, the quantities of higher molecular weight fragments (< 400 base pairs, bp) are reduced when using plant DNA of poor quality (Guthridge et al., 2001 ).
An AFLP genetics of linseed was used to identify two quantitative trait loci in independent linkage groups that exhibit a major effect on resistance to Fusarium wilt, a deadly disease of linseed (Spielmeyer et al., 1998) . This study illustrated the potential of AFLP as a powerful and fast method to generate moderately saturated linkage maps, allowing molecular analysis for traits that show oligogenic patterns of inheritance. Similarly, Hausner et al. (1998) developed co-dominant PCR/RFLP based markers for rust resistance alleles of linseed. These markers were used to confirm the presence of important alleles in certain recently released Canadian cultivars. This evidence adds to the growing support for the use of MAS and the introduction of new resistance genes for diseases like rust, Fusarium wilt and other important traits in the Ethiopian linseed-breeding program. Therefore, the aim of this study was to analyse and determine the genetic variation among the accession s of linseed using AFLP markers and thereby to enhance the genetic improvement of linseed in Ethiopia. (Edwards et al., 1991) . The tissue was kept on ice until it was crushed to a fine powder in a mortar and pestle after the addition of liquid nitrogen. Extraction buffer (10 ml) (1 M Tris-HCl pH 8.0, 0.25 M EDTA and 20% SDS) preheated at 65°C was added to each powdered sample along with 1 ml CTAB (Cetyl triethyl ammonium bromide) buffer (10% w/v) and 2 ml 5 M NaCl. The samples were incubated at 65°C in a water bath for an hour, with agitation every 10 to 20 minutes. Chloroform-isoamyl alcohol (24:1 v/v) (10 ml), was added and gently mixed, followed by centrifugation for 15 minutes at 10000 rpm at room temperature. Chloroform extractions were repeated until the interface was visibly free of debris. DNA was precipitated by adding 100% cold ethanol in a 1:2 (v/v) and kept at 4°C overnight. The precipitated DNA was spooled with a sterile Pasteur-pippette and washed twice in approximately 1 ml of 70% ethanol. DNA was dissolved in 250 ml double distilled sterile water and stored at 4°C. DNA concentration and purity was determined using a spectrophotometer at 260 nm. (Hintze, 1998) . Cluster analysis was also performed and visualized to summarize the relations between accessions. UPGMA (Unweighted pair group method of arithmetic average) was employed to construct a dendrogram that grouped the accessions into distinct clusters. 
MATERIALS AND METHODS
buffer, 6.3 µl ddH2O (sabax water), and 0.5 µl MseI (units), 2.5 µl DNA [250 ng], 1 µl 10x buffer, 0.1 µl BSA, 5.9 µl ddH2O. After mixing, the DNA samples were incubated for 3 to 4 hours at 37°C. Double digests were conducted by adding 2 µl EcoRI/ MseI (units), 2.5 µl DNA [250 ng], 5x reaction buffer and 15.5 µl ddH2O. Samples were incubated for two hours at 37°C, after which the restriction enzymes were added for incubation at 70°C for 10 minutes. Ligation of EcoRI and MseI adapters was performed by mixing 25 µl of double digested DNA , 24 µl ligation solution (EcoRI/ MseI adapters, 0.4
RESULTS AND DISCUSSION
Of the seven pairs of primers screened ( central Shewa, while that 51 could not be traced back due to unavailability of data). These two accessions were also grouped under the same cluster in another diversity study of linseed that used morphological traits ( Adugna Wakjira and Labuschagne, 2004), confirming their genetical similarity. However, there was no complete sharing of the AFLP fragments for any two accessions and monomorphism was in the range of zero to 0.65%. Only six accessions displayed relatively higher (i.e., > 0.50%) monomorphic rates. This indicates the presence of more genotypic variations among the evaluated accessions.
The dendrogram obtained from the combined data of AFLP revealed 13 close-knit clusters, comprising one to 14 accessions (Table 3 and Fig.  1) . Two accessions showed greater dissimilarity with other accessions and hence were unequivocally clustered individually (XII and XIII) from the rest accessions, showing their clear divergence. The dendrogram also reveals some interesting features of the studied accessions. For example, each of the eight clusters (II to XI) was consisted of similar accessions originally collected from the same or closer localities of Ethiopia, indicating their closer relationships. Specifically, four accessions (No. 52, 53, 54, and 55) in cluster II, each two accessions in clusters III and IV (No. 13 and 28) and other accessions collected from the same geographic region were grouped within the same clusters and they are much similar to each other. Such similarity of accessions could happen due mainly to the traditional farmer-to-farmer seed exchange and distribution systems in Ethiopia. This shows how AFLP could play effective role in germplasm characterization for more efficient use of valuable genetic resources and other vital resources deployed to evaluate and conserve genetic resources by way of establishing core collections.
Accessions that were originally from central Ethiopia (Shewa) were categorized under six different clusters (V, VI, VII, XIII, IX and XI). Likewise, accessions collected from northwest Ethiopia (Gonder, for example) were classified into five clusters (IV, VI, VII, IX and XI). The same was true with most of the other local accessions. This indicates the presence of ample genetic variability among the Ethiopian linseed accessions that could be utilized in future breeding activities. On the other hand, some of the exotic accessions, like no. 30, 56 and 60, which were introduced from Europe, USA and Canada, respectively, were grouped in three different clusters (II, VI and VIII) together with the Ethiopian collections. This similarity could be as the result of out-crossing (Mansby et al., 2000) , and perhaps due to trade and germplasm exchange programs that have been underway since long time between Ethiopia and other foreign nations. The results of this study show that clustering was not necessarily based on the geographic origins of the accessions, rather on genetic makeup of the accessions. The presence of a wide range of genetic variation between the accessions is a good basis for future genetic improvement. It could provide predictive estimates of genetic variation among segregating progenies in future variety development programs. Such a study can also help in estimating the amount of heterosis (Barret and Kidwell, 1998) . Thus, knowledge of the level and patterns in genetic diversity of linseed was found useful for identifying diverse parental combinations to create segregating progenies with maximum genetic variability for subsequent selections, and to reduce duplication of genetic resources. The overall genetic distance of all pairs of combinations varied from 0.29 to 0.71 (Fig. 2) . The highest genetic distance was found between accession numbers 22 and 57. Similar genetic distances were also recorded for five pairs of accessions (25 and 57, 20 and 45, 23 and 59, 37 and 57, and 45 and 57). The first pair of accession (22 and 57) that showed the highest diversity estimates (0.71) was obtained from local and exotic sources (Table 1 ). Accession no. 22 was collected from Ambo/ Ethiopia, while 57 was introduced from Canada in 1990 (Adugna Wakjira, 2000) . Similarly, the next highest diversity estimate was observed between the same exotic genotype and another locally collected accession (No. 25) collected from northern Ethiopia. The same was true with the third divergent pair (No. 20 and 45), indicating the presence of immense genetic diversity between the Ethiopian linseed germplasm and the exotic ones, specifically those from Canada. This wide range of genetic distance shows the possibilities of creating greater genetic variability using these accessions in the crossing programs to meet various needs of linseed growers in the country. For example, early maturing and drought resistant varieties are preferred in the northern parts of Ethiopia; while medium to late maturing and parasitic weed (Cuscusta epilinum) and wilt (Fusarium oxysporium) resistant types are required in the central, northwest and southern parts of the country. Both pests have been the major production constraints in Ethiopia ( Adugna Wakjira, 2000) and future research should focus on mapping and cloning of the resistant genes for them. More than 50% of the pairs of accessions displayed greater genetic diversity values than the mean value of 0.57. There was also highly significant (P < 0.001) difference between the pairs of accessions for these values. Nevertheless, accession pairs, like 9 and 10, and 11 and 12 exhibited one of the smallest genetic distances, indicating their genetic similarity. All of them were collected from different regions of Ethiopia except no. 9, which was acquired from Eritrea. In general, the relationship between genetic distance and geographic areas was large and positive between the Ethiopian collections and the introduced materials. Frequency (%) G e n e t i c d i s t a n c e e s t i m a t e To conclude, AFLP markers showed a reasonable level (i.e., up to 2.90%) of DNA polymorphism among the analysed accessions of linseed. AFLP- based genetic distance estimates also revealed higher levels of genetic diversity among the accessions. Cluster analysis was useful to display the grouping patterns and relationships of individual accessions. This genetic information will contribute to linseed improvement through diverse parental selections and by providing a predictive measure of important parameters, such as genetic variance and heterosis for future variety development programs in Ethiopia. It is also vital for efficient management of germplasm.
